.-Means to increase the efficiency of the Yaba tumor poxvirus assay in BSC-1 cell cultures were sought. A method was devised wherein 0.4 ml of each virus dilution was layered onto BSC-1 cells in 80-mm Leighton tubes and permitted to adsorb at 25 C for 18 hr prior to incubation at 35 C. The diluent found most reliable was medium 199 containing 50% bovine amniotic fluid adjusted to 2.0 mm calcium and 1.0 mm magnesium at pH 7.0. These modifications yielded highly reproducible titrations with a greater than twofold increase in assay sensitivity. Irreversible adsorption of Yaba virus by BSC-1 cells proceeds comparatively slowly at 25 to 33 C. Although the process is more rapid at 35 or 37 C, the increased thermal lability of the virus at these temperatures results in lower titers than with virus adsorbed at 25 C for longer periods of time. Yaba poxvirus appears to be 5 to 10 times more sensitive to thermal inactivation than vaccinia poxvirus.
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In a previous report (7), we described an in vitro assay for Yaba tumor poxvirus in the continuous cercopithecus kidney cell line, BSC-1. Subsequent studies have led to certain alterations in the original methodology. These modifications have developed through analysis of Yaba virus adsorption by BSC-1 cells and of Yaba virus inactivation kinetics in various media at laboratory temperatures. The present report describes these studies.
MATERIALS AND METHODS
The virus employed in these studies titered 4.0 X 107 focus-forming units (FFU) per ml in BSC-1 and represented a pool of three saline-Genetron extracts of tumors from a 3-year-old Macaca mulata (rhesus) monkey, no. 10. The extraction procedure for this virus stock has been described previously (9) .
Monolayer cultures of BSC-1 cells were grown in either medium 199 or Eagle's basal medium (EBM) supplemented with 10% agamma fetal calf serum and maintained in medium 199 or EBM diluted 1:1 with bovine amniotic fluid (BAF) and adjusted to pH 7.4 with NaHCO3. For preparation of assay tubes, stock cultures were treated for 10 min with prewarmed trypsin (37 C) prepared according to the method of Wallis et al. (6) . Approximately 1.5 X 105.0 cells contained in 2 ml of growth medium were added to 80-mm Leighton tubes (cell surface area, 50 mm2) and incubated at 37 C until confluent monolayers developed.
In the assay as originally described, virus dilutions were made in saline and 0.2 ml was added to four or more Leighton tubes per dilution, bringing the total volume to 1.7 ml. The tubes were incubated at 35 C with medium changes twice weekly. No agar overlay was employed. Counts of FFU were made at 19 to 21 days. The modifications now employed are related mainly to the adsorption procedure and will be described herein. The revised assay will be summarized in the Discussion.
For the inactivation studies, 1 ml of appropriately diluted virus was placed in rubber-stoppered vials and immersed in appropriate water baths. At each sampling time, a vial was removed and rapidly chilled to 0 C. Titrations for residual virus were performed immediately.
RESULTS
Determination of optimal assay and adsorption conditions. Assay of Yaba poxvirus in BSC-1 as originally described (7) required a 3-week incubation at 35 C before all primary foci were visible microscopically. Attempts to reduce this interval by incubating cultures at 37 C generally resulted in overgrown or sloughed cell sheets. As an alternative approach, it seemed likely that if rapid virus adsorption could be achieved the time requirement might be reduced. The means analyzed to increased virus adsorption effiLiency included: (i) selection of that minimal volume of fluid which when layered on Leighton tubes with a 50 mm2 cell surface area would provide random distribution of foci; (ii) selection of a virus diluent which would yield maximal adsorption; and (iii) selection of that temperature which would yield maximal titers with minimal adsorption time.
The minimal volume which bathed the entire cell monolayer and provided random distribution of foci was 0. 4 An unequivocally optimal adsorption time and temperature relationship was not established (Table 2 ). Adsorption at 25 C, although proceeding at a slower rate than at 33 to 37 C, was continuous throughout the 18-hr period and produced the highest per cent adsorption. Adsorption at 33 C initially occurred more rapidly than at 25 C, but, owing to reduction of virus concentration by inactivation, yielded a lower titer after 18 hr. Inactivation also reduced apparent adsorption rates at 35 and 37 C. In addition, at 37 C a large proportion of virus, presumably adsorbed by 8 hr, was rendered noninfective with an additional 10 hr of incubation at 37 C. Further studies of this latter observation are currently underway.
These studies (Tables 1 and 2 ) have demonstrated that, when 0.4 ml of Yaba virus diluted (Fig. 1) . These kinetics, characterized by an initial shoulder of variable duration followed by a more rapid inactivation rate, occurred when the virus was diluted in PBS with 10% fetal calf serum, in medium 199, and in medium 199 containing 25% BAF. Only when PBS alone was employed as diluent were first-order kinetics observed.
Biphasic inactivation curves also occurred with Yaba virus diluted in 199-BAF-CM. These experiments were performed in triplicate at 25, 33, 35, and 37 C ( Table 4 ). The parameters followed included the inactivation rate as expressed by the velocity constant k, the half life (IT50) and the duration of the initial inactivation phase. Velocity constants, k, were calculated from the relationship log N/No = -0.4385 kt; half lives or 50% inactivation time, IT50, were calculated from the derived relationship IT50 = 0.6909/k. The degree of variability encountered between replicates was lessened somewhat by averaging the values for the 24-hr observation period. However, a plot of the average 24-hr log k values against 1/K' failed to give a straight line.
Thus, a reliable analysis of the inactivation The final inactivation experiment employed PBS as the diluent and included five temperatures from 30 to 40 C. In each instance, first-order kinetics (Fig. 2) were followed during the 10-hr experimental period. A plot of log k versus 1/IK' produced essentially a straight-line relationship (Fig. 3) . The major deviation of mean values from the fitted line occurred at 37 and 40 C. This deviation is also reflected by the differences between observed and predicted mean IT50 values shown in Table 5 . However, predicted values fell within the range of observed values at both these temperatures.
The marked differences in velocity constants and half-life values between virus diluted in Tables 4 and 5 ) at 33 and 35 C exemplifies the influence of medium components on virus thermolability. At 37 C, the protective effects of 199-BAF-CM are less apparent after the first inactivation phase; inactivation kinetics during the second phase in 199-BAF-CM are comparable to those observed with virus diluted in PBS. Fig. 3 .
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However, their presence is detectable at 12 to 14 days by immunofluorescence methods (9) . It was found that reproducibility of the assay required rather precise conditions. It was necessary that the BSC-1 monolayers grown in 80-mm Leighton tubes be fully sheeted but not overgrown prior to use. Adsorption of virus proceeded most efficiently when virus was diluted in 199-BAF-CM and 0.4 ml was layered onto each cell sheet from which the medium had been removed. Adsorption overnight (18 hr) at 25 C proved most reliable. After adsorption, a minimal maintenance medium, such as EBM-50% BAF at pH 7.2 to 7.4, and incubation at 35 C produced an environment wherein cell proliferation was minimal and viral synthesis with cytopathic effect was favored. Use of highly nutritive media or incubation at 37 C, or both, increased cell proliferation and resulted in a masked or even aborted infection.
The observation that a comparatively long adsorption period, 18 hr, was required to obtain maximal titers indicates that the infectivity rate is limited at some initial stage. Dales (1) published a convincing review of the evidence that after viral attachment vaccinia poxvirus penetrates the cells by active cell phagocytosis. The viral protein coats are degraded, presumably by lysosome hydrolases (2) , and the viral genome is released after digestion of the core membrane by specific uncoating enzyme (4 The inactivation studies demonstrated that Yaba poxvirus is relatively labile in media devoid of protein and divalent cations. Extrapolation of the Arrhenius plot predicts a half-life of approximately 1 min (48 sec) at 50 C. In a study of heat inactivation of vaccinia virus, Kaplan (5) presented data from which it could be calculated that the IT50 of a tempterature-sensitive portion of the Lister strain of vaccinia virus was 5 min at 50 C. His data also indicated that the W. R. strain was only slightly more resistant. The lack of significant differences in heat sensitivity between these two vaccinia strains suggests that the greater sensitivity of Yaba virus is a point of differentiation between these two poxviruses.
Kaplan also noted that a portion of vaccinia virus was inactivated at a rate slower than the temperature-dependent major portion and that the relative amount of this portion decreased with increase in temperature from 50 to 60 C. The temperature-independent portion was detected by carrying out the study to zero infectivity. In the present study, inactivation was not carried out to zero infectivity. Thus velocities and produce nonlinear plots of log N/ND versus t.
Our demonstration of variable biphasic inactivation kinetics at 37 C with virus in diluents other than PBS should not be interpreted as evidence of a heterogeneous virus population or as representative of two (or more) inactivation mechanisms. These results merely represent an interference with an inactivation process shown to be first-order with virus diluted in PBS. Had the studies been carried to zero infectivity and been performed at higher temperatures, it seems unlikely that first-order kinetics would have persisted. This assumption is based on two expectations. First, heterogeneity of at least a physical nature should be present in the virus pool since it represented an extract from tumor cells with virus in various maturation stages, and the less mature particles would be expected to be most labile. Second, at higher temperatures molecular changes in both protein and nucleic acid structures should occur. Inactivation experiments at higher temperatures were not performed since it was not the principal purpose of these studies to present a full analysis of heat inactivation kinetics of Yaba virus. The temperatures selected were those employed during routine laboratory handling of the virus. The kinetics obtained are of immediate application to Yaba virus growth curve studies (8) . In addition, they provide a basis upon which to explain the lower assay titers obtained when Yaba virus was adsorbed at 33 to 37 C rather than at 25 C.
